Cordylanthus tenuis subsp. pallescens, Pallid Bird's-beak, is a rare plant of the Mount Shasta area of northern California. Recent reports of dozens of populations outside its limited expected range, observations of plants with morphology intermediate to other subspecies of C. tenuis, and populations that seemed to include individuals of more than one subspecies, raised questions about its rarity and taxonomic validity. Examining populations in the field suggested that many reported populations were misidentified because they were based on a single trait, often foliage color. The name C. t. subsp. pallescens should be restricted to populations in which all or most plants have the combination of traits expected of this taxon, including yellow-green foliage, four to eight flowers per cluster, and short, mostly non-glandular calyx hairs. In the context of other variation recognized at the subspecies level in C. tenuis, recognizing C. t. subsp. pallescens taxonomically is a reasonable choice, despite its very limited range.
Cordylanthus tenuis A. Gray is a widespread, variable species of the California Floristic Province. Like its congeners, it is an annual hemiparasite that blooms in mid-to late summer. Host plants of Cordylanthus Nutt. ex Benth. species are usually trees and shrubs, though herbaceous plants can also be parasitized (Chuang and Heckard 1971) . The inflorescence is complex. Each flower is partly hidden between the spathe-like calyx and a similar inner floral bract, and subtended by entire or three-parted (trifid) leaf-like outer bracts (Chuang and Heckard 1976) .
Morphological variation within C. tenuis has led to the recognition of six intergrading subspecies (Chuang and Heckard 1986) . Five of them had previously been recognized at the species level. Two of the subspecies, C. t. subsp. pallescens (Pennell) T. I. Chuang & Heckard and C. t. subsp. capillaris (Pennell) T. I. Chuang & Heckard, are rare California endemics on CNPS List 1B.2 (rare, threatened, or endangered), the former with state rank S1.1 (critically imperiled; CNPS 2011) and the latter federally listed as Endangered (U.S. Department of the Interior, Fish and Wildlife Service 1995). Cordylanthus tenuis subsp. pallescens was described as endemic to the Mount Shasta region of Siskiyou (Table 1) . Traits reported to distinguish the subspecies (Chuang and Heckard 1986) and relatively easy to see in the field were recorded for ten to twelve specimens in each population (Table 2) . Foliage color was defined as the overall color of the plant, resulting mainly from the color of leaves, stems, and outer bracts. The samples were selected to include individuals exhibiting obvious extremes in color, flower clustering, and stature. Additional reported C. t. subsp. pallescens populations were visited but not sampled because they were located near sampled populations and had obviously similar plants.
Plants were identified to subspecies using the available keys (Chuang and Heckard 1986; Chuang and Heckard 1993) .
A total of 336 unique C. tenuis subsp. pallescens, C. t. subsp. tenuis, and C. t. subsp. viscidus specimens from CHSC, JEPS, ORE, OSC, UC, and WILLU (abbreviations from Thiers, continually updated) were examined before fieldwork and re-examined after fieldwork (Appendix 1).
Statistical summary and analysis comparing Cordylanthus tenuis populations were performed in the R environment for statistical computing (R Development Core Team 2010). The function 'boxplot' was used to generate box-and-whisker plots where the 'hinges' of the boxes represent the first quartile, the median, and the third quartile and are therefore non-parametric. The function 'kruskal.test' was used to perform the KruskalWallis rank sum test on the sampled subspecies of C. tenuis but not the 'ambiguous' populations. The Kruskal-Wallis rank sum test is a nonparametric analogue of ANOVA which tests the hypothesis that at least one sampled group is different. To control for multiple comparisons an adjusted p-value was calculated using the method of Benjamini and Hochberg (1995) .
To explore multivariate relationships among the C. tenuis populations, ordinations were performed on both the individual data as well as population summaries. Ordination of population summaries began with the construction of a matrix of Bray-Curtis distances using the R function 'vegdist' (Oksanen et al. 2011) . Nonmetric multidimensional scaling (NMS) was performed with the R function 'isoNMS' (Venables and Ripley 2002). The maximum number of iterations for the algorithm to perform was set to 500, however this maximum was never reached during the analysis. Over 100 ordinations were performed to evaluate the final stress of the result as well as to subjectively judge its stability. The algorithm occasionally settled at a relatively high stress (e.g., around 40) but was typically close to 10 and the plots of these low-stress ordinations appeared fairly consistent. One such ordination was arbitrarily chosen for presentation based on its low stress (9.44%). NMS of Cordylanthus individuals was performed using PC-ORD (McCune and Mefford 2006), again using BrayCurtis distances. 200 iterations were performed, and the final ordination shown represents the result after stress was stabilized at 12.8%.
RESULTS
Plants in some populations could be identified unambiguously as belonging to one of the three Cordylanthus tenuis subspecies occurring in the area, but other populations were ambiguous. Plants in sites one, two, nine, and 25 near Black Butte (Table 1 , Fig. 1A ) were yellow-green and had 4-8 flowers per cluster, short, mostly nonglandular calyx hairs, and trifid bracts, all traits of C. t. subsp. pallescens ( Fig. 1A -C; Chuang and Heckard 1986). These sites are referred to here as the core area. Approximately 8,600 individuals of C. t. subsp. pallescens grew in these sites ( Table 1 ). The plants of site 28 near the town of Weed were similar except the outer bracts were consistently entire. However, most of the 19 sampled populations that had been reported as C. t. subsp. pallescens could be readily identified in the field as C. t. subsp. tenuis or C. t. subsp. viscidus or intermediate between those subspecies, although they might have a few plants that resembled C. t. subsp. pallescens (Table 1 , Fig. 1D ). The population as a whole was not C. t. subsp. pallescens, though if you looked hard (Fig. 1D) . These included populations on serpentine-influenced substrates on the east slope of the Klamath Mountains (sites three, six, 10, 17, 19, and 23), where most flower clusters had one to three flowers, outer bracts mostly entire, and calyces had sparse to moderately dense glands and short to slightly longer eglandular hairs. Most plants were gray-green to brown, although a small minority of plants in most populations were bright or yellow green. Plants at site 26 (A10 road on the west side of Mount Shasta) were similar. The plants near Hotlum, north of Mount Shasta (site 27), also seemed to be C. t. subsp. tenuis based on their short calyx hairs, lack of glands, and small flower clusters, although they were predominantly yellow-green.
Plants in two more distant populations (site 14 near Dunsmuir, 16 km south of Black Butte, and site 16, 32 km to the east) could be assigned to C. t. subsp. viscidus (Fig. 1D) . They had outer bracts that could be trifid or entire, moderately to very dense calyx glands, and mostly longer eglandular calyx hairs. Most plants were gray-green to brown, though a small minority of plants in both populations were bright green.
At some sites south or northwest of Black Butte (sites four, 12, 15, 18, and 30), the plants were intermediate between C. t. subsp. tenuis and C. t. subsp. viscidus. At site 13 north of Mount Shasta, plants had a mix of the traits of C. t. subsp. pallescens and C. t. subsp. tenuis (Fig. 1D) .
The occurrence of selected traits in populations identified to subspecies was compared using boxplots (Fig. 2) . Subsequent statistical hypothesis testing demonstrated significant differences among taxa for eight of these traits (Table 3) . Cordylanthus t. subsp. pallescens differed from both of the other subspecies in the occurrence of yellow-green foliage, green or mostly green calyces, flower number per cluster, and presence of long hairs. However, C. t. subsp. pallescens resembled C. t. subsp. viscidus in bract shape and resembled C. t. subsp. tenuis in other traits such as gland density (Fig. 2) .
Traits considered typical of C. t. subsp. pallescens occurred in populations outside the core area, but they did not necessarily all occur together in the same population or the same individual. Occasional individuals with yellowgreen foliage were present in most populations (Fig. 1A) , and most or all individuals in the two sampled populations north of Mount Shasta (sites 13 and 27) were yellow-green. Bracts varied from trifid to entire within populations and even within individuals (Fig. 1B) . Only in the core area did the majority of plants have all bracts trifid, but several populations outside the core area had a few plants with only trifid bracts and in many populations all or most plants had a mix of trifid and entire bracts (Fig. 1B) . Flower clusters with four or more flowers predominated only in the core area plus Weed. In only three sampled populations (sites 14, 15, and 29) did all clusters contain only three or fewer flowers (Fig. 1C) .
Traits considered typical of C. t. subsp. pallescens occurred far from the Mount Shasta area as well. Some herbarium specimens of C. tenuis collected in Jackson County, Oregon, had the dense glands and long hairs of C. t. subsp. viscidus but regularly had flower clusters with four to six flowers (e.g., Heckard 2779, Heckard 3151, Rolle 464, Sikes 130, and Waring 742 (all OSC) and Halse 2433 (OSC and ORE) . The reported C. t. subsp. pallescens from Lake County (Isle 1407 [CHSC]) was a green plant with glandular calyces, long calyx hairs, and one to two flowers per cluster, best classified as an unusually green C. t. subsp. viscidus.
In NMS of C. tenuis populations, populations identified as C. t. subsp. pallescens clustered together as highly positive on axis one and highly negative on axis two (Fig. 3) . Populations identified as C. t. subsp. viscidus were well separated from C. t. subsp. pallescens. In this example (Fig. 3) , sites three (C. t. subsp. tenuis west of Siskiyou Lake) and 28 (odd C. t. subsp. pallescens in Weed) cluster together, apparently because plants in both groups have entire bracts and relatively large numbers of flowers per cluster.
Although foliage color is often diagnostic of C. t. subsp. pallescens (Fig. 2) and is the easiest diagnostic trait to see, it was difficult to score consistently. The darkest plants among the yellow-green C. t. subsp. pallescens in the core sites were scored as gray-green. On the other hand, nearly all the estimated 5,000 plants at site 19 southeast of Lake Siskiyou were maroon to brown and the few that were less maroon were scored as green, though they were probably darker than any plants in the core area. The proportion of atypically green plants in most sites, or brown ones in site 27 near Hotlum, is exaggerated in the recorded samples of ten plants because we attempted to measure plants representing all the obvious variants. For these reasons, the real difference between populations with mostly yellow-green as opposed to mostly maroon plants (Fig. 1A) is likely greater than reported, and certainly not less.
In NMS of individuals using the same traits as for the NMS of populations (Table 2) , some individuals from the core C. t. subsp. pallescens Populations are indicated as 't' for C. t. subsp. tenuis, 'a' for ambiguous population determination, 'v' for C. t. subsp. viscidus, and 'p' for C. t. subsp. pallescens. Site 13 (43N18 near west end) was excluded from the analysis but represented in the boxplots by a filled triangle in the 'ambiguous' column. (Fig. 4) . With foliage color omitted, individuals from the core and Weed populations clustered together, though they were not strongly differentiated from the large cluster of plants from other populations, identified as C. t. subsp. tenuis, C. t. subsp. viscidus, and intermediates. Axis 1 reflected mainly variation in the calyx (color, and density of hairs and glands) while axis 2 reflected mainly variation in bracts (shape and tips) and calyx color (Table 4) . Cordylanthus tenuis subsp. pallescens populations were found along roads (sites one and 25) and in openings in shrub-dominated habitats (sites two and nine) on excessively drained volcanic soils. They were not observed in microsites that had thick layers of pine needles, even when they grew in adjacent microsites that had bare mineral soil. They were not found in fully shaded sites. Observed populations of other C. tenuis subspecies occurred in similar habitats, though the range of substrates was greater and included serpentine substrates.
Nearly every mature C. tenuis flower in the core area and in some of the nearby sites had a hole on the side near the base, where an insect had chewed through the inner bract, calyx, corolla, and ovary wall.
DISCUSSION

Validity of Cordylanthus tenuis subsp.
pallescens as a Taxon
The core Cordylanthus tenuis subsp. pallescens populations (sites one, two, nine, and 25) appear to form a geographically coherent metapopulation around Black Butte with outlying populations in nearby Weed. These plants probably number in the tens of thousands, growing on a single substrate and characterized by a distinctive combination of morphological traits. They look strikingly different from typical C. t. subsp. tenuis and C. t. subsp. viscidus, and were originally described as a species, C. pallescens (Pennell 1947) . Because some morphologically intermediate plants occur, this taxon was reclassified as a subspecies of C. tenuis (Chuang and Heckard 1986) . The reported existence of large numbers of plants with intermediate morphology led to the concern that recognizing C. t. subsp. pallescens taxonomically might be inappropriate (L. W. Heckard, personal communication).
Defining the concept of the species has challenged taxonomists for decades. Many solutions have been proposed (e.g., Mayr 1963; Sokal and Crovello 1970; Wiley 1978; Nixon and Wheeler 1990; Baum and Shaw 1995; Coyne and Orr 2009 ) but resolution has not been achieved, in part because the need to name species reflects both the pattern of biodiversity and the human need for neat, mutually exclusive names that match the way human minds classify organisms (Hey 2001; Yoon 2009 ).
Criteria for naming subspecies and varieties are even more vague than criteria for naming species (Haig et al. 2005) . Intraspecific names may be applied to incipient species that are morphologically very similar but geographically isolated, or to virtually any grouping within a species that seems identifiable and is of sufficient interest.
Intraspecific groupings differing by a single trait presumably caused by a single gene, such as hairiness (e.g., Elymus glaucus [Wilson et al. 2000] ), awn length, or flower color are usually not recognized taxonomically. Cordylanthus tenuis subsp. pallescens is identified by at least four clusters of traits: foliage color (which may result from gland density), number of flowers per cluster, the density of the various classes of calyx hairs (long non-glandular, short non-glandular, and short glandular hairs), and bract shape (tip traits and perhaps overall trifid/entire shape; Fig. 1B ). Although these traits occur together in the core C. t. subsp. pallescens populations, they occur separately in nearby populations (Fig. 1A-C) . Therefore, the name C. t. subsp. pallescens cannot be dismissed as the inappropriate labeling of a single gene.
Arguments can be made for three taxonomic solutions to the C. t. subsp. pallescens problem.
Option 1: Synonymize C. t. subsp. pallescens with one of the other subspecies. It is similar to the other subspecies. Even its most distinctive traits occur at least occasionally in C. t. subsp. tenuis, C. t. subsp. viscidus, or both. Clusters of four or more flowers, though otherwise rare in C. tenuis, occur in northern populations of C. t. subsp. viscidus and in C. t. subsp. barbatus T. I. Chuang & Heckard of the southern Sierra Nevada (Chuang and Heckard 1986) . Foliage color seems diagnostic in C. t. subsp. pallescens, but green plants occur occasionally in populations of the other two C. tenuis subspecies in the Mount Shasta area and predominate in the rare C. t. subsp. capillaris of Sonoma County, California (Chuang and Heckard 1986) . Color is known to vary within some related taxa, such as the rare Chloropyron maritimum (Nutt. ex Benth.) A. A. Heller subsp. palustre (Behr) Tank & J. M. Egger, which is usually brown although individuals and even entire small populations may be green (Tom Kaye, Institute of Applied Ecology, Corvallis, Oregon, personal communication).
The problem with synonymizing C. t. subsp. pallescens with one of the other C. tenuis subspecies is choosing the subspecies with which to synonymize it. The core C. t. subsp. pallescens cannot easily be included in either C. t. subsp. tenuis or C. t. subsp. viscidus because C. t. subsp. pallescens combines the trifid bracts of C. t. subsp. viscidus with the short hairs and sparse glands of C. t. subsp. tenuis, together with yellowgreen coloration that is rare in the other subspecies (Fig. 2) .
Option 2: Combine C. t. subsp. pallescens, C. t. subsp. tenuis, and C. t. subsp. viscidus. Combining these three subspecies into a single widespread, variable taxon would not only simplify C. tenuis taxonomy by removing taxonomic recognition from a small series of odd populations, but also solve two other problems in C. tenuis classification. In the Mount Shasta area, some C. tenuis plants exhibit traits in combinations not typical of any subspecies, making subspecific identification difficult or impossible ( Fig. 1D ; Rhonda Posey, personal communication). Morphologically intermediate plants are also common in the western foothills of the Sierra Nevada (Lawrence Janeway, personal communication). Merging the three subspecies would also do away with the anomalous range of C. t. subsp. tenuis, widespread in the Sierra Nevada and disjunct in the Trinity Mountains (Chuang and Heckard 1986) . However, this change could destabilize the other C. tenuis subtaxa including the geographically isolated and federally listed endangered C. t. subsp. capillaris, because although subspecific taxa can be subjective groupings and the degree of difference between them may vary from species to species, one prefers the subspecific taxa within one species to be equivalently distinct. It would be best to study all six C. tenuis subspecies before making such a change.
Option 3: Recognize C. t. subsp. pallescens as an intraspecific taxon. Subspecific taxa are expected to be a bit fuzzy, to blend in with the relatives at the edges of their range. Individual C. t. subsp. pallescens traits, such as yellow-green coloration and large flower clusters, are rare in other C. tenuis taxa. The combination of traits characteristic of C. t. subsp. pallescens is rare in populations of the other subspecies even near Mount Shasta and absent or nearly so elsewhere. Cordylanthus tenuis subsp. pallescens seems to be at least as distinctive as any other C. tenuis subspecies currently recognized (Chuang and Heckard 1986) . The plants in and near the core C. t. subsp. pallescens populations appear morphologically similar (this study; Robin Fallscheer, California Department of Fish and Game, personal communication; Robert Hawkins, Timber Products Company, personal communication). Many reports of C. t. subsp. pallescens or intermediate populations (CNPS 2011) result from misidentified yellow-green plants of C. t. subsp. tenuis or C. t. subsp. viscidus. The only problem with recognizing C. t. subsp. pallescens seems to be that it has such a tiny geographic range that the area of intergradation with other subspecies is larger than its core range.
The pattern of variation that led Chuang and Heckard (1986) to recognize three subspecies in the Mount Shasta area is real (Fig. 1) , even though morphologically intermediate plants do occur. Pending a broader study that includes the three C. tenuis subspecies that grow outside the geographic region covered in this study, we recommend recognizing C. t. subsp. pallescens at the subspecific level.
Identification and Management of C. t. subsp. pallescens
As interpreted in this study, Cordylanthus tenuis subsp. pallescens is a rare taxon. Rarity can be measured in three basic ways (Rabinowitz 1981 ). Cordylanthus t. subsp. pallescens clearly has two of the three; it has a very limited range and lives in a limited habitat type. Its total population size may be in the tens of thousands, not extremely small but not large for an annual plant.
Cordylanthus tenuis subsp. pallescens is more geographically restricted than some earlier reports suggest, extending from just south of Black Butte to the town of Weed in the Southern Cascade Range of Siskiyou County. Much of its range lies on private land managed for timber production (Robin Fallscheer, California Department of Fish and Game, personal communication). Silvicultural practices applied in this area in recent years may have created favorable conditions for this plant, at least for short periods of time, by opening the canopy and disturbing the duff layer. The number of C. t. subsp. pallescens populations appears to have increased over the last twenty years because plants appear in logging roads, along road edges, and on skid roads where they were not previously observed. Once established, these populations increase exponentially at least for a few years, and sometimes expand into adjacent regenerating clearcuts (Robert Hawkins, Timber Products Company, personal communication).
Cordylanthus tenuis populations commonly grow along roadsides, presumably from seeds moved by road maintenance equipment. It is possible that C. t. subsp. pallescens was more geographically isolated and more neatly set off morphologically from other C. tenuis populations before extensive road construction allowed the three subspecies present in the Mount Shasta area to expand their ranges and establish contact with each other.
Nearly all the mature C. t. subsp. pallescens flowers observed and most of the flowers in other nearby C. tenuis populations had been chewed near the base, through the inner bract, calyx, corolla, and ovary wall, perhaps by an insect eating the ovules. The effect of this predation on seed set could not be determined during this study, because the plants were at anthesis.
Thinking in terms of populations rather than individuals is important when attempting to find and manage C. t. subsp. pallescens populations. In a C. t. subsp. pallescens population, all or most of the individuals have all these traits: yellowgreen foliage and calyx, clusters of four or more flowers, and sparse calyx glands. Their nonglandular calyx hairs consist of a carpet of very short hairs and very few longer hairs that are perhaps two or three times as long as the short hairs. In most populations, some or all of the outer bracts are trifid.
The plants of site 28 in the town of Weed seemed to be C. t. subsp. pallescens except that they had entire bracts. Bract shape may be less consistent than its use in classifying Cordylanthus species suggests (Chuang and Heckard 1975) .
Classifying the Weed population as C. t. subsp. pallescens is reasonable.
Possession of only one C. t. subsp. pallescens trait does not make a plant C. t. subsp. pallescens. Thus, a green C. tenuis is not necessarily C. t. subsp. pallescens. Similarly, the presence of one individual that might be classified as C. t. subsp. pallescens does not make the population C. t. subsp. pallescens or a priority for protection. If most of the plants in the population seem to be C. t. subsp. tenuis, C. t. subsp. viscidus, or intermediate between those two, the population should not be classified as C. t. subsp. pallescens. In such a population, the combination of genes producing the single C. t. subsp. pallescens-like individual would likely be broken up in the next generation, and might reappear again in later generations.
The genes producing the more distinctive C. t. subsp. pallescens traits seem to be moving out into other C. tenuis populations, probably creating novel combinations that will affect the evolution of the species. This may be an interesting process to watch, but we do not see a reason for humans to try to control it by protecting populations that produce only occasional plants that might be identified as C. t. subsp. pallescens. Protecting the populations that are clearly C. t. subsp. pallescens (the core populations in this study, plus other populations on nearby Forest Service and private lands) should help assure the continued survival of this taxon.
